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I. Introduction Formative Feedback
One of the goals in engineering education, as included by ABET into its accreditation criteria, 1 is to promote practices that teach students how to become lifelong learners, or "learning how to learn". Yet, the majority of classes in engineering are still taught by lecturing, or the "transmission" mode of teaching. In the past, student learning in higher education has been conceptualized as a simple process of acquisition of knowledge based on transmission of information by instructors. Education research has shown that it is a process by which students actively construct their own knowledge. 2 Students interact with relevant content in different settings, including social engagement with other students, and connect with prior knowledge to build a conceptual framework of retrievable knowledge and understanding of the new content. 3 A shift has taken place in theories of how students learn. The shift has gone from "instructorcentered teaching" to "student centered learning." In effect, this means that the responsibility and management of learning is shifted from the instructor to the student. In spite of the shift in attitude about how learning is conceptualized, approaches to teaching have trailed and most engineering classes are taught and students assessed by traditional lecturing and testing. During a traditional setting, students have little input or control of the course content. As such, instructors "transmit" feedback to students mainly with assessment by grading of homework, quizzes and tests as to whether the work is correct, or incorrect. Instructors may falsely assume that students can use this limited information to then expand their knowledge and understanding of the content. However, if the feedback loop, or formative assessment, is entirely controlled by the instructor, we may be wrong to think that students can develop the skills of lifelong learning such as defining goals, monitoring progress, and diagnosing and addressing learning issues that arise along the pathway to goal achievement. 2 These are the very metacognitive skills that make up the learning strategies used in the progression towards self-regulation by expert learners. 4 Effective self-regulation involves students targeting goals against which performance can be measured and assessed. Feedback is the information about how the student's present state (of learning and performance) relates to these learning goals. Internal feedback in self-regulation helps students to monitor and assess progress toward goals with respect to either success or possible difficulties with learning activities and tasks. More effective self-regulation produces better feedback. External feedback from external resources such as students, teachers, interactive web sites, etc., can contribute to the self-regulated learners' assessment of progress toward goals as well as provide assistance in overcoming impediments in progress towards their learning goals.
The overall benefits of good feedback practice have been summarized by Nicola and McFarlaneDick:
7. Provides information to instructors to help them adjust their teaching strategies and practice.
Muddy Points
Muddiest Points reflections give instructors authentic, rich insights and information on student learning issues they can effectively use to synthesize external formative feedback. Such feedback can then be used by students to assess and monitor progress and overcome learning issues. "Muddiest points" are shared with their instructor by students based on their unclear understanding of topics. Frederick Mosteller is credited in 1988 to be a first implementer of muddiest points through the solicitation of responses to the following three questions: 1) What was the most important point in lecture? 2) What was the muddiest? and 3) What would you like to hear more about? Following analysis of the student responses, Mosteller addressed issues using both class time and handouts. Mosteller stated that although this activity required class time, the students enjoyed the exercise and he was able to modify 15% of his class behavior. 5, 6 Also in 1988, Angelo and Cross highlighted "muddiest points" as a subsection of one of thirty classroom assessment technique classification. 7 It has been suggested that the collection of most interesting points is a beneficial addition to balance perceived negativity by focusing only on muddiest point. 8 This paper presents results and experiences gained by five different faculty members in the United States who have used the technique of "muddiest points" to gather formative feedback in their undergraduate coursework. In this paper we have a main but not exclusive focus on the use of this approach in the introductory course to the field of Materials Science and Engineering. Three of these faculty were new to using this approach and began using the technique at the end of each class starting in fall, 2015. These faculty each have 15 or more years of teaching experience and are regular attendees at ASEE. The other two faculty have substantial experience in the "muddiest points" approach. In order to capture possible changes associated with beginning to use frequent formative feedback in their courses, we included a pre-post survey of the three faculty new to the approach; these surveys and how they were implemented are described in the following section.
II. Experimental Methods
Three surveys were conducted, taken just before classes started in fall, and also again at the end of the semester. The surveys were administered only to the three faculty who had not previously used Muddiest Points feedback in their classrooms. Survey (1) was the "Approaches to Teaching Inventory" (ATI), a statistically reliable and valid instrument developed by Trigwell and Prosser 9 to test how faculty approach their teaching and view their students' learning. It measures faculty beliefs with respect to the extent to which they teach with an approach toward instructor-centered knowledge transmission versus student-centered conceptual change. It was successfully applied as a 16 item survey to a study of engineering faculty beliefs change. 10 The second survey, the Reformed Teaching Observation Protocol (RTOP), was used because, again, it is a well-known and respected instrument. 11 The RTOP is a classroom observational protocol that quantitatively characterizes the extent to which faculty implement evidence-based instructional strategies as evidenced by student-centered behaviors observed in their own classroom practice. It is a 25 item survey with each item on a Likert scale of 0 to 4. It covers five main categories of instructor classroom behaviors that are scored by the observer. They are: 1) Lesson Design and Implementation; 2) Content: Propositional Pedagogic Knowledge; 3) Content: Procedural Pedagogic Knowledge; 4) Communicative Interactions; and 5) Classroom Culture: Student/teacher Relationships. It should be noted that the RTOP survey is normally used by trained classroom observers, but in this study it was used by the faculty themselves to reflect on their own classroom practice and, therefore, the data is self-reported. With RTOP scores scaling from 1 to 100, a value less than 40 is indicative of more teacher-centered classroom behaviors. Scores from 40 to 60 are indicative of a mixture of both teacher-centered and studentcentered classroom behaviors whereas scores above 60 are more indicative of student-centered behaviors. Self-reported scores tend to trend higher when compared to the values obtained by an observer of the same person instructing in the classroom, but still provide insight into an instructor's perception of their teaching.
A third survey, the Faculty Teaching and Learning Awareness survey was developed for the project to gather information about the extent to which faculty are aware of their teaching practices based on student feedback. This survey has not been tested extensively, and it was administered to see whether a correlation existed among the responses of the three surveys.
[Copies of the surveys can be found in the Appendix.]
III. Results and Discussion

Implementation of Muddiest Points
In any informal discussion about formative feedback, the details of how the formative feedback is collected, and what the instructor does with it are inevitably discussed from the perspective of "how much time will it take me to do this?" The following sections are therefore devoted to describing how muddiest points were implemented in their classroom as well as some insights learned as a result of them.
Experienced Instructors with the Muddiest Point Approach.
Two of the authors of this paper have a very sophisticated approach to deploying Muddiest Points in their classrooms.
Instructor A: My initial efforts at using Muddiest Point feedback were flawed because I did not collect information on a regular basis or did not provide feedback to students the next class. By the end of that term my response rate was 15% to 20%. Another problem was that I was not using student quotes in my next-class Muddiest Point slide. Instead, I was summarizing the most frequent Muddiest Points and then discussing them in a more general sense. After the initial two semesters I started using student quotes in my Muddiest Point slide, which proved to be very popular with the students. At semester end they commented that they felt less isolated because other students were having the same kinds of issues that they were. Other students commented that the Muddiest Points helped them realize better what they didn't know themselves. Still responses declined to 35% to 45% by the end of the semester without incentives. After two years of using end-of-class Muddiest Point sheets to collect data, I shifted to the automated survey tool on Blackboard which greatly facilitated data collection. Additionally, the survey tool allowed me to record who had submitted their Muddiest Point each class, which then allowed me to give extra credit for submission, about 5% added to the final grade. Submission rates increased to 60% to 90% across the semester, with a modest drop of 10% to 20% in the middle of the term, and a rise again to 80% to 90% by the end of the term (when the students need the extra credit. After automating Muddiest Points many other faculty became interested in using the technique, whereas using paper and pencil end-of-class Muddiest Point sheets attracted no interest by other faculty.
I have greatly expanded access to automated Muddiest Point feedback by creating a training video for implementing daily class Muddiest Point surveys on Blackboard. The training video was uploaded to the already existing "materialsconcepts" YouTube channel. The 30-minute video describes in detail how the Muddiest Point survey and downloading tools can be easily set up for a course for an entire 20-class semester within 60 to 90 minutes by a faculty member or student.
The other automated Muddiest Point data collection on Concept Warehouse (CW) had new capabilities added last year including a calendar function with start-and-stop times on desired days across a semester. The CW site is http://cw.edudiv.org/. Over the past few years the number of faculty using the method has grown and some will find it a wonderful means to increase student learning by modifying the feedback loop. They are designed to give instructors authentic, rich insights and information on student learning issues they can effectively use to synthesize external formative feedback. Such feedback can then be used by students to assess and monitor progress and overcome learning issues. The feedback also offers important opportunities for instructors to reflect on their own beliefs and practice and catalyze change to students' learning opportunities and their classroom experience.
Instructor B: I have used two different methods now to automate collection of muddy points. Three years ago I began using the Concept Warehouse (CW) to have students login and record their muddy points. Last year I used the capabilities of setting it all up at the beginning of the semester with the calendar function with start-and-stop times on desired days across a semester. Students voiced that they did not like having to go to a separate website to record responses and consequently this year I set up the assessment on Blackboard which allows the students to have more "one stop" assessment. In my class, about 70% of students complete the surveys. I incentivize it by telling them that 80% participation gave them full credit for the portion of their grade that was for attendance and participation. My implementation is short and sweet: each day ~ 30 minutes before class I quickly read their responses and create a slide or two to address the most common. We then spend the first few minutes of class to discuss them. The appendix contains some representative responses.
Instructors New to Muddiest Point Approach in Fall, 2015 (Faculty 1, 2 and 3).
The three faculty using the new approach are longstanding colleagues from graduate school who are now faculty members at three different institutions across the United States. One of them, Prof. C, recruited the other two to engage in this activity after spending time learning in depth about the muddiest point approach through several extended phone conversations with Instructor A. Instructor A has a well-established approach that has already been described.
Self-reflection of faculty:
Faculty #1: My approach to deploying muddiest points was as presented in the YouTube video. I hired an undergraduate to watch the "how to" video and then she set up 25 Blackboard quizzes timed to become active at the end of class, and remain open that day until midnight. The quizzes simply stated, "Describe in a sentence what was confusing or needed more detail or explanation." Taking a single quiz was worth one point of extra credit, and there were 25 opportunities to elect to provide feedback in this way. This corresponded to a potential 2.5% boost in grade for regular participation. The hired student also compiled the feedback into a single word document and created three short slides containing representative comments and questions from students that she emailed to me. This took her no more than one hour per week to accomplish. Approximately 80% of the time, I started class by reviewing these points using the slides; this took approximately 5 to 10 minutes per class. It could have taken much longer; I had to decide what to focus on as I had about 80 students in the class and there were plenty of muddy points to choose from.
In general, students appeared to embrace the use of "muddiest points." The average number of extra credit points from answering the survey was 12.9, with a high of 25 and a low of 0. The distribution of points from MP across the semester was relatively even. Students were instructed that they could comment on what was clear to them, if they had no "muddy point," and were assured that the survey was anonymous. There was no clear correlation between course grade earned and participation in the survey.
I found myself thinking more deeply about the course content as a result of the student questions. I realized many points of confusion for students that were previously unknown to me. For example, a muddiest point that caught me by surprise surrounded the issue of how temperature affects recovery and electric conductivity. Student's muddy points opened up a great discussion about mechanical deformation and about electrical conductivity, and how "annealing" differs from looking at properties as a function of temperature. Students were clearly being reflective about what they learned, and having the formative feedback seemed to deepen their learning experience.
In general, students really appreciated beginning class with going over review points. One day, when I had fallen behind for about two classes in doing muddiest points, I devoted an entire class to going over them. The following survey had a student remark: "Thank you for giving us a day of review. I love it when professors do that, and answering muddiest questions for review was spectacular! [happy face emoticon]." However, on that same review day, one student reported, "Spend more time on new and needed material and less on muddiest points." Faculty #2: I taught a freshman Materials and Processes class for 23 mechanical and industrial engineering technology students in Fall 2015. We used Muddy Points to evaluate the wellwritten, commercially-available textbook, and to evaluate and improve the class experience. For the textbook, I asked students to discuss the muddiest point from the reading assignment. We did not discuss these points, but I recorded them for submission to the textbook author.
For the class experience, students wrote their muddiest point from the lecture on a 3x5 notecard. I typed up all of the students' muddy points verbatim, along with my commentary (answers to questions or more complete explanations of materials concepts), handed out the results in the next class meeting, and discussed the muddy points with the class. This process led to additional class discussion of any topics that were still not completely clear.
Periodically, I asked the class whether the Muddy Points exercise was worthwhile, and the overwhelming response was positive -students wanted to continue using the 3x5 cards. However, the number of cards submitted during each class meeting declined as the semester progressed. At the beginning of the semester, 96% of students submitted cards. By the end of the semester, only 22% of the students were submitting cards. The overall participation rate was 58%. The participation rate in the textbook muddy points was far higher, ranging from 57% to 87%, and not changing much during the semester. The overall participation rate was 79%. Most likely, students participated at a higher rate because the textbook muddy points were graded as part of the homework, whereas the 3x5 cards were purely voluntary.
Most student comments on the textbook fell into one of these categories:
 Terminology is not explained fully, and in not enough detail.  Mathematical symbols are not explained.  Explanations are too abstract.  There isn't sufficient connection between theory and the real world.  Insufficient examples are given for solving mathematical problems.
On the class meeting 3x5 cards, most students asked for more detail of some topic discussed in the lecture. In some lectures, the topic was difficult to absorb in one sitting. For example, in the introductory lecture on steel, students had many questions about ferrite, cementite, the formation of pearlite and martensite, and the steel phase diagram.
Usefulness of the Muddy Points approach: In the short term, I am using Muddy Points feedback on the fall 2015 lectures to improve the spring 2016 lectures. In the long term, the textbook muddy points will lead to the design of a new textbook that is tailored to my students. A good model is my Strength of Materials textbook, which is updated every semester based on student feedback.
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Faculty #3: I executed "muddiest points" in two introductory materials science courses (27 and 29 students enrolled) in the same manner as presented by XU in their YouTube video. For each class and each section a separate survey was set up in short answer format. This was done to assure students saw their own words being addressed. I persisted with this method all semester for each class. I also posted the results of surveys in Kodiak (virtual classroom). One modification made was to give the students a longer time to add posts to the Muddiest Points survey. I initially followed the XU model by leaving the survey open for a few hours after class, then at the request of the students I left it open to the last possible moment before I was to address the 'points' in the next class. With a general survey of the students, they felt it would be better to have the survey open longer in case they had questions on the homework, not just the lecture. So the survey was open for nearly two days and included being open past lecture and the time the students were expected to do the homework on WileyPlus. I made a point to assure students that there were no 'bad' posts and I would treat each one with 'care' and preserve anonymity of the post.
My reflection: It didn't work. In the beginning (first 4 weeks), I got some survey answers, about 50% of which were 'no questions' or 'everything was clear,' 40% which were relevant to the lecture and 10% which were way off topic. The off-topic questions seemed to be the student's personal interest from work or an internship, or some information they found on the internet to, possibly, test my knowledge. I believe students who submitted relevant muddiest points were happy with the answers and clarification; however, they wanted the answer earlier 'to do the homework'. (Although if they asked about the homework in person or email, they received assistance.) I did try to clarify that Muddiest Points was for misconceptions in lecture, and even used examples. Well, it was to no avail. Response was still poor and the students responding 'all clear' or 'no questions' stopped responding. By mid-semester response was sporadic, yet I diligently invited students to post! Another note, I had the least amount of email or personal requests for homework help in many years.
How did it affect my teaching? Honestly, I am not sure. The computer survey method was on a workload level that I could handle and easily integrate into my class. Questions posed in muddiest points were 'misconceptions' I have been aware of and most I had brought to the forefront in class lecture, but going over them in the muddiest points context was beneficial because it was student driven. Implementing muddiest points did not give me any new insights into my teaching, or more importantly, provide me any data or evidence to address the needs and concerns of the students.
How did it affect student learning? I believe students who used it as intended, got something out of it. I believe other students felt it wasted time from me teaching them 'how to do the homework' for the next assignment. My personal impression was that answering the muddiest point survey was just one more thing they had to do for no credit. Table 1 presents the results of the ATI survey for the three faculty before and after they implemented Muddiest Points in their classrooms. The "Average Teacher Focused" numbers represent the average of survey items on a 5-point Likert scale that describe a teaching approach focused on the instructor transmitting information to students. The "Average Student Focused" numbers represent the average of items that is student centered and that focuses on conceptual understanding of the material being presented. 
Survey Results and Discussion
Analysis of Survey Results
Faculty 1 shared that her students "appeared to embrace the use of Muddiest Points." She also stated that she thought "more deeply about the course content as a result of the student questions." She incentivized the process by giving students credit for participating in Muddiest Points reflection, and she maintained the students' anonymity in the process. Along with this came the result that she also had the largest shift in the ATI toward student-centered teaching beliefs along with the largest shift away from instructor-centered teaching beliefs. This was complemented by a shift in the RTOP from 59 to 79 which is also indicative of greater student-centered classroom behaviors. The Faculty Teaching and Awareness survey also showed a large gain of 71%. These data suggest that incentivizing Muddy Point participation for students results in greater participation and more information for instructors to provide feedback, which may be richer because of more involved students providing information about their learning issues. Faculty 2 stated that he used the Muddiest Points both for feedback about the lecture (using 3x5 cards rather than implementing electronically in a course management system) as well as feedback about the textbook. He said that in general, his students felt that the Muddiest Points exercise was worthwhile. He gave credit for the textbook Muddiest Points as part of the students' homework, but he did not give credit for the lecture (3x5 card) Muddiest Points. The participation rate in the textbook Muddiest Points was significantly higher. This instructor had no shift in ATI values which may be due to relatively high values in ATI for student-centered teaching beliefs initially. There was a negligibly small gain from 63 to 63 in RTOP, but this also could indicate that he was already practicing student-centered behaviors in his classroom. There was a small gain of 11% in the Faculty Teaching and Awareness survey which indicates that may have been some minor shift in practice. It appears that this instructor was already practicing student-centered teaching to a significant extent, but it is possible that, because Muddy Point classroom feedback was not incentivized, that the more limited participation may have reduced opportunities to have more significant impact on students and resultant enhancement of already very good classroom practices.
Faculty 3 stated that Muddiest Points "didn't work." In general, she said that students who submitted relevant Muddiest Points were happy with the process; but there were significant numbers of students who did not participate. Faculty 3 gave no credit to the students for their Muddiest Points submissions. In a subsequent conversation with Faculty 3, she noted that her class had a highly bimodal distribution; i.e., roughly half the class was highly motivated and did very well in her class, and the other half received poor grades and did not appear to be motivated. This was also reflected in exam scores, quiz averages, and project grades. The exam scores for the class ranged from 105 to 32. This instructor showed greater teacher-centered beliefs with a value of 3.75 which did not change, but interestingly showed an increase in student-centered beliefs from 3 to 4.1, indicating that Muddiest Point feedback may have had some impact on teaching beliefs. The RTOP change was positive with an increase from 66 to 72 indicating student-centered classroom behaviors may have increased slightly which would correlate to an increase in student centered beliefs in the ATI. There was also a slight and negligible decrease in the value to the Faculty Teaching and Awareness survey. Overall, there was some enhancement of student-centered beliefs and practice, but this was limited, possibly due to the limited and decreasing numbers of Muddiest Point feedback across the semester. This again was due in part not incentivizing students for Muddiest Point feedback. With much less feedback there is also considerable reduction to hear the student voice on difficult concepts and learning issues, which may result in reduced opportunity to shift beliefs and practice toward student-centered teaching. Incentivizing Muddy Point participation might have some effect. Faculty 3 has reported that muddiest points will be implemented the next time she offers the course. She will persist with the ease of implementation through the virtual classroom surveys and adding an incentive of a scale that will motivate students to answer the survey, i.e. "Muddiest Points", on a routine basis throughout the semester.
Limitations: Data is all self-reported for all studies, which usually results in a somewhat more positive results regarding preferences for student-centered practice and beliefs, but still can reveal insights about beliefs and practice and possible change. In future studies, especially in the case of the Faculty Teaching & Learning Awareness Survey, it might be better to administer a retrospective pre-post survey. This is because the baseline for responses may be very different at the end of a study compared to the beginning. A retrospective assessment would address this issue to some extent. The data from these three instructors shows strong indications that incentivizing, or not, collection of Muddiest Point data certainly affect the percent of students responding, which decreases dramatically without incentives. It may also affect the quality of the responses since students may value them less without incentives. With less student input there is less opportunity for instructors to reflect on their practice which can reduce the potential for change.
IV. Summary and Conclusions
What the majority of faculty who shared in this paper have found is that the effort is worth the time but as with any classroom pedagogy the "devil is in the details." One can conclude that implementation is paramount to control final results of a classroom innovation. Of the three instructors who were new to the muddy point approach the faculty who was able to have the highest level of student participation and was also able to reflect to the highest level saw the greatest change in student motivations and possibly learning. The same trend is reflected in the other two faculty: mid-level participation yielded mid-level results and lower participation saw the least return on investment. Of particular note is the following trend -the highest level of student participation resulted from the highest level of incentive (up to 2.5% of course grade).
In summary, we have found that deploying formative feedback in the form of "muddiest points" is relatively easy to implement, not requiring much by way of instructor time as a result of the tutorials available online. We report the highest value from using "muddies points," (measured by student participation levels, reported by the faculty, and measured with survey instruments) corresponded to an incentivized use of formative feedback. We conclude that incentivizing students to take the opportunity to give formative feedback is critical to obtaining the greatest value from both the student and faculty perspective using "muddiest points."
6. In this subject/course, I only provide the students with the information they will need to pass the formal assessments. 1 2 3 4 5 7. I encourage students to restructure their existing knowledge in terms of the new ways of thinking about the subject that they will develop. 1 2 3 4 5 8. I structure this subject/course to help students to pass the formal assessment items. 1 2 3 4 5
9. I feel a lot of teaching time in this subject/course should be used to question students' ideas. 1 2 3 4 5
10. I feel that it is better for students in this subject/course to generate their own notes rather than always copy mine. 1 2 3 4 5
11. I feel that I should know the answers to any questions that students may put to me during this subject/course. 13. I set aside some teaching time so that the students can discuss, among themselves, the difficulties that they encounter in studying this subject. 15. I feel that the assessment in this subject should be an opportunity for students to reveal their changed conceptual understanding of the subject.
2 3 4 5
16. I make available opportunities for students in this subject/course to discuss their changing understanding of the subject.
Survey II. Faculty Teaching & Learning Awareness Survey
Think about your current teaching practices and about your recent students, in general, as you respond to the following questions. Your name will be used only for tracking purposes, and your responses will be shared without attribution. This is a classroom observation designed to assess the extent of active learning behaviors used by an instructor in their own classroom. However, it can also be used by an instructor to assess perception of their own behaviors in their classroom. The scale is 0 to 4 with 4 being strong agreement with the statement. This instrument will be filled out at the beginning of the semester and then again at the end to measure potential change in classroom practice. The survey was slightly modified to refer to activities in a course rather than a single lesson.
Almost
LESSON DESIGN AND IMPLEMENTATION
1. The instructional strategies and activities respected students' prior knowledge and the preconceptions inherent therein. 18. There was a high proportion of student talk and a significant amount of it occurred between and among students. Typical "Muddiest Point" reflections:
